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© A presentation system includes a liquid crystal 
display (LCD) panel, an overhead projector {OHP) for 
projecting images produced on the LCD panel, and a 
retroreflecting polarizer interposed between the LCD 
panel and the light source of the OHP. The retro- 
reflecting polarizer transmits the p-polarization com- 
ponent of the light, but reflects the s-polarization 
component. The polarizer may be attached to either 
the stage of the OHP or the bottom of the LCD 
panel. A quarter-wave retardation plate may be used 
to convert the retroreflected s-polarization compo- 
nent into p-polarized light, which may then be re- 
cycled through the polarizer. The polarizer may also 
be tuned to specific wavelengths, for color LCD 
panels, to replace dichroic dyed polarizers. 
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Background of the Invention 



1 . Field of the Invention 



The present invention generally relates to vi- 5 
sual presentation systems, and more particularly to 
a liquid crystal display panel for overhead projector 
utilizing a thin, retroreflecting polarizer. A possible 
retroreflecting polarizer is described in WO 
92 22838 which has a priority date of June 13. w 
1991 but was published at December 23. 1992. 
The disclosure of this PCT-publication is included 
herewith by cross-reference. 

2. Description of the Prior Art 15 



A MacNeille polarizer comprises alternating re- 
peating layers of a pair of thin film materials depos- 
ited on a bulk substrate material. The pair of thin 
film materials comprises one low refractive index 20 
material and one high refractive index material. The 
indices, called a MacNeille pasr. are chosen such 
that, for a given angle of incidence of a light beam, 
the reflection coefficient for p-polanzed ligth (r p ) is 
essentially zero at each thin film interface. The 25 
angle at which r p is zero is called the Brewster 
angle, and the formular renting the Brewster angle 
to the numerical values of the indices is called the 
MacNeille condition. The reflection coefficient for s- 
polarized light (r s ) is non-zero at each thin film 30 
interface. Therefore, as more thin film layers are 
added the total reflectivity for s-polarized light in- 
creases while the reflectivity for p-polanzed light 
remains essentially zero. Thus, an unpolarized 
beam of light, incident upon the thin film stack, has 35 
some or all of the s-polarized components reflected 
while essentially all of the p-po!anzed component is 
transmitted. 

Such a thin film stack is deposited on two 
general types of substrates, which then classifies 40 
the type of polarizer produced as either immersed 
or non-immersed. For example, if the thin films are 
deposited on a flat face which forms the hypot- 
enuse side of a right angle (Porro) prism, and the 
films are bonded to the similar side of an identical 45 
prism, the polarizer is an immersed polarizer. If the 
thin films are bonded between two planar slabs of 
transparent media, the polarizer is a non-immersed 
polarizer. In general, a polarizer is non-immersed if 
the geometry of the bulk encapsulant does not 50 
affect the immersion constant n p *sin(0,) of the light 
beam in a thin film material m, 

For either immersed or non-immersed 
polarisers. the p-polarization component of an in- 
cident light beam is transmitted, while the s-po- 55 
ianzation component is reflected from the thin film 
stack at an angle equal to the angle of incidence. 
The total change in direction of the s-polarization 
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component from the incident direction is 90 5 for 
cube polarizers and usually about 60 0 for slab 
polarizers. Thus, the s-polarization component is 
typically unavailable for further use. leading to a 
decrease in overall intensity of light available, un- 
less additional optics are employed to redirect the 
s-polarization component. 

One particular device which would benefit from 
recycling of the s-polanzation component is a liquid 
crystal display (LCD) panel, such as those com- 
monly used with laptop computers and overhead 
projectors (OHP's). These panels have at least one 
polarizing sheet which, during use. is positioned 
between the source of illumination and the liquid 
crystal material itself. Therefore, more than 50 °b of 
the unpolarized light from the light source is un- 
usable by the LCD panel, resulting in reduced 
illumination and increased heat dissipation, which 
can further adversely affect the quality of any pro- 
jected image. These problems are compounded in 
certain color LCD panels, such as those shown in 
U.S. Patent Nos. 4,917.465 and 4,966.441. which 
use up to four polarizers in the panel stack. 

Methods have been devised for recycling the 
reflected s-polarization component, as exemplified 
in U.S. Patent No. 4,913,529. That patent discloses 
an LCD television projection system using two re- 
flectors, a polarization rotator and a prism to re- 
combine both polarization components. Such sys- 
tems, however, are undesirably large for use in 
many common visual display systems, such as 
overhead projectors, and especially in portable or 
laptop computer displays where a thin profile is 
desired. It would, therefore, be desirous and ad- 
vantageous to devise a thin, retroreflecting polar- 
izer for a presentation system such as an overhead 
projector to minimize heat buildup, and which could 
optionally be used with an optical recycling system 
to provide an increased amount of light usable by 
LCD panels. 

Summary of the Invention 



The invention generally comprises a presenta- 
tion system, such as an overhead projector or a 
liquid crystal display panel, which utilizes a retro- 
reflecting polarizer. In the case of an overhead 
projector, the retroreflecting polarizer is positioned 
between the light source of the OHP and the stage 
of the OHP. For LCD panels, the polarizer is posi- 
tioned at the bottom or back of the panel {closest 
to the panel's source of illumination. 

In the preferred embodiment, the polarizer 
comprises a first substrate having a linear array of 
isosceles prisms arranged side by side, and a 
second substrate preferably identical to the first 
substrate, there being at least one optical stack of 
alternating layers of high and low refractive index 
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materials of selected optical thicknesses on one of 
the structured surfaces of the substrates. The first 
and second substrates are optically cemented to 
form a single unit in which the refractive index of 
the first and second substrates, and the refractive 
indices and optical thicknesses of the layers of the 
optical stack, are all chosen to produce selective 
reflection of polarized light, such that within one 
portion of the optical stack, an incident light beam 
of mixed polarization is separated into an s-po- 
lanzed component and a p-polarized component, 
the s-polarized component is reflected onto another 
portion of the optical stack and there reflected 
parallel to the incident beam but proceeding in an 
opposite direction, and the p-polanzed component 
is transmitted parallel to the incident beam. 

The polarizer may be advantageously com- 
bined with a quarter-wave plate (positioned be- 
tween the polarizer and the light source) and a light 
recycling system whereby the polarization of the s- 
component of the light is shifted as it is reflected 
by the polarizer and passed back through the 
quarter-wave plate, and shifted a second time as it 
passes again through the plate toward the polar- 
izer, thereby converting the s-component to usable 
p-polarized light. This results in increased light 
transmission through the LCD panel as well as 
reduced heat buildup. The polarizer may also be 
"tuned" to a specific wavelength of light to impart 
color selectivity. 

Brief Description of the Drawings 



The novel features and scope of the invention 
are set forth in the appended claims. The invention 
itself, however, will best be understood by refer- 
ence to the accompanying drawings, wherein: 

Figure 1 is a cross sectional view of a portion of 
one preferred embodiment of the invention; 
Figure 2 is an enlarged sectional view of a 
portion of the embodiment of Figure 1; 
Figure 3 is a schematic side view of an optical 
system employing the invention; 
Figure 4 is a graph of the transmissivity and 
reflectivity of light incident upon one embodi- 
ment of the invention; 

Figures 5A and 5B are schematic side views of 
an overhead projector utilizing the polarizer of 
the present invention; 

Figure 6 is a schematic side view of an exem- 
plary liquid crystal display panel utilizing the 
polarizer of the present invention; and 
Figure 7 is a graph of a computer model of s- 
and p-polanzed light passing through a magenta 
polarizer of the present invention. 
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Description of the Preferred Embodiment 



Figures 1 and 2 show an inventive retroreflec- 
ting polarizer 10, comprising two pieces of trans- 
5 parent substrate material 12 and 14, between which 
is a composite optical stack 16. The pieces 12, 14 
each have structured surfaces (which face each 
other), and non-structured surfaces. As shown, 
piece 12 is a top layer and piece 14 is a substrate, 
w but the entire assembly may be inverted with no 
loss of functionality, essentially interchanging the 
roles of the two pieces. 

In the embodiment shown, the composite op- 
tical stack 16 is deposited upon the structured 
15 surface of the upper piece 12, and the structured 
surface of the lower piece 14 is optically cemented 
(i.e., adhered by a very thin layer of transparent 
adhesive) to the composite optical stack 16 by an 
adhesive 24 to form a single unit. However, the 

20 composite optical stack could comprise two sub- 
stacks, one sub-stack deposited on the top layer 
and the other deposited on the substrate, with 
adhesive 24 between the two sub-stacks. 

The composite optical stack comprises at feast 

25 one set of pairs of alternating layers of materials 
having low and high indices of refraction compared 
to each other. The thicknesses of the layers are 
chosen such that the quarterwave criterion is met 
for the wavelength of the incident collimated light 

30 beam 18 by each of layers 20 and 22. In systems 
where the light is not collimated (such as backlit 
LCD panels for laptop computers), additional thin- 
film stacks may be required to handle light coming 
from different angles or, alternatively, a standard 

35 polarizer may be used to clean-up any s-polarized 
light leaking through the retroreflective polarizer. 
The shape of the structured surfaces, the optical 
properties of the substrate material, and the prop- 
erties of the composite optical stack, all combine to 

40 divide the incident light beam into two polarization 
components. One component, 18-s, is reflected 
twice in such a manner as to be retroreflected, i.e., 
directed back toward the source of light beam 18. 
The other component, 18-p, is transmitted parallel 

45 to incident beam 18. In Figure 2, the division of 
incident light 18 into components 18-s and 18-p is 
shown as occurring at the first interface between 
the substrate and the composite optical stack, but 
this is illustrative only. Actually, some division oc- 

50 curs at each interface between thin films, with the 
net result being as shown. The s- and p-compo- 
nents are defined with respect to the plane of 
incidence on the prism facets, i.e., with respect to 
the thin film stacks. 

55 In the embodiment shown, the composite op- 

tical stack comprises a repeating stack of a pair of 
materials. One of the materials is a relatively low 
refractive index (n L ) material 20, and the other is a 

3 
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relatively high refractive index (n H ) material 22 The 
construction of such a stack 16 having two pairs of 
these films is abbreviated (HL)-\ In general, more 
layers are used, such as a (HL>- stack (five pairs of 
films), and generally the average optical thickness 
of each material is a quarterwave thick, with refer- 
ence to a chosen wavelength of interest (typically 
but not necessarily in the visible spectrum). How- 
ever, to optimize performance, the individual thic- 
knesses of all thin film layers are varied slightly 
from the average thickness, in accordance with 
known principles, using commercially available 
software to calculate the desired values. Also, more 
than two pairs of materials or average thicknesses 
may be used, such as a (H- L- )- + (H2 L- )- . This 
would be done to extend the useful optical band- 
width of the invention or the range of angles over 
which the invention reflects essentially all s-po- 
lanzed light. 

Each of substrate pieces 12 and 14 comprises 
a transparent, preferably integral (i.e.. a single con- 
tinuous piece as opposed to an assembly or a 
laminate) material having a structured surface 
which consists of a linear array of substantially 
right angle isosceles prisms arranged side by side 
(parallel). The perpendicular sides of each prism 
make an angle of approximately 45° with respect 
to the smooth surface opposite the structured sur- 
face (or, in the most general case of a flexible 
substrate, with respect to the tangent to the struc- 
tured surface). Angles other than 45 s are useful for 
other applications, but angles near 45° (e.g., 40° 
to 50") are preferred in this invention. This places 
a constraint on the design of the optical stack: only 
two of the three indices of refraction (n L and n H for 
the optical stack, n 0 for the substrate pieces) can 
be chosen independently. (An additional implication 
is that n L must always be less than n 0 if high 
transmission of the p-component is desired at all 
wavelengths.) These values are determined by the 
MacNeille condition relating the Brewster angles of 
each material interface to the numerical values of 
the indices of the materials forming the interface: 

tan(0 L ) = (n H n L ) 
or 

tan(fl H ) = (n L n H ) 

along with Snell's law relating 9 0 to B L and 9 H - 

In theory, an infinite set of values of n H and n L 
exist for a given n G , but in practice, the available 
choices of materials for the substrate pieces and 
thin films are limited, and design of the invention 
reduces to choosing which of the limited set of 
values of n H and n L around that value of n 0 will 
produce the desired results. The greater the dif- 



ference between n L and n H . the wider the optical 
bandwidth over which the invention will divide in- 
cident light into separate polarizations for a given 
number of film stacks. 

5 A suitable thickness of the substrate is 0.36 

millimeters, measured from the smooth surface to 
the highest point of the grooves. Suitable groove 
heights (measured perpendicularly) are 0.18 mm. 
For such a film, about 28 peaks per centimeter is 

10 preferred, but there is wide latitude in the dimen- 
sions. 

Preferred substrate materials are flexible, 
homogeneous, and isotropic. Suitable materials in- 
clude commercially available acrylics and polycar- 

r5 bonates having nominal indices of refraction of 1.49 
and 1.59. respectively. Other possible materials, 
selected to provide the required functionality, in- 
clude polypropylenes. polyurethanes. polystyrenes, 
and polyvinylchlorides. Higher index materials in- 

20 dude polysuifone (and variations such as 
polyethersulfone and polyarylsulfone). polyethylene 
terephthalate (PET), and polyethylene napthalate 
(PEN). The sulfones require high processing tem- 
peratures, but in turn can withstand higher ambient 

25 temperatures in use. PET and PEN may crystallize 
or exhibit birefringence depending on the process 
parameters. All of these materials have indices in 
the range of 1.63-1.65 and. as such, allow the use 
of the film pair SiO? Ti0 2 while retaining high trans- 

30 mission of p-polarized light. Generally, polycar- 
bonates are preferred for their relatively high in- 
dices of refraction, clarity, and physical properties. 
These materials are taught in U.S. Patent No. 
4,805,984, but tn this invention the total internal 

35 reflection property of that material is not relevant, 
because the optical properties of the material are 
significantly changed when it is employed in this 
invention. 

Suitable materials for the thin films 20 and 22 

40 include any materials which are transparent (exhibit 
low absorption) in the spectrum of interest. For 
broadband visible light, suitable thin film materials 
are silicon dioxide (SiOs. n=1.45); amorphous hy- 
drogenated silicon nitride (a-SiN:H, n = 1.68-2.0); 

45 titanium dioxide (Ti0 2 , n= 2.2-2.5); magnesium flu- 
oride (MgF- , n = 1.38); cryolite (Na 3 AIF & , n = 1 .35); 
zirconium oxide (Zr02, n = 2.05); hafnium oxide 
(Hf02, n = 2.0); aluminum nitride (AIN. n=2.2); and 
zinc sulfide (ZnS, n = 2.1 - 2.4). 

50 Several thin film deposition techniques can be 

used to deposit the composite optical stack on the 
substrate. Thermal and electron beam evaporation, 
and ion beam sputtering are the methods of choice 
for precision optical coatings, the latter method 

55 producing superior films in terms of adhesion to 
the substrate, hardness, and environmental stabil- 
ity. Magnetron sputtering is also used extensively 
for broadband coatings such as anti-reflective coat- 
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ings on glass, and especially for large area applica- 
tions such as architectural glass. However, on the 
whole, thermal and electron beam evaporation 
should provide good thin film qualities and suffi- 
ciently high deposition rates for acceptable manu- 
facturing rates. More importantly, low index films 
such as magnesium fluoride and cryolite can be 
deposited by this method. Electron beam deposi- 
tion is regularly used in the coatings industry for 
high index materials such as titanium dioxide, zir- 
conium oxide, hafnium oxide, and aluminum nitride. 

An additional consideration is to ensure the 
uniform coating of the prism faces, from peak to 
valley. Any process that includes scattering of in- 
cident molecules via gas phase collisions will in- 
variably cause the coating to be thicker on the 
peaks than in the valleys, but two ranges of gas 
pressure can be used successfully. The low pres- 
sure regime used in high vacuum evaporation will 
provide the most uniform coating. High pressures 
used in PACVD or CVD (see below), such that the 
gas-molecule mean-free-path is much less than the 
peak-to-valley distance, will also provide a rela- 
tively uniform coating. The latter method may be 
incapable of producing a sharp band edge such as 
that required in a (good) color polarizer, but would 
be sufficient for a broad band polarizer. For the 
exemplary prism dimensions given here, pressures 
of 1 Torr or greater would be desirable. The more 
nonuniform the layers are, a greater number of film 
layers are required to produce good s-polarization 
reflection over the entire desired bandwidth 
(usually 400 to 700 nm). 

The process used in the reduction to practice 
of the invention was plasma assisted chemical va- 
por deposition (PACVD). Using this PACVD, the 
following procedures and resultant products are 
possible. Si02 may be deposited by reacting silane 
(SiH*) or almost any organosilane in the PACVD 
process with oxygen or nitrous oxide at between 50 
and 250 milliTorr, using low power RF plasmas of 
about 50-100 watt ft 2 of electrode area. Nitrous 
oxide is somewhat preferred because it generally 
results in less powder formations in the gas phase. 
TiC>2 may be formed by reacting titanium tetrachlo- 
ride (TiCk) with oxygen and nitrous oxide at the 
same power levels. By varying both the relative 
and absolute flow rates of the 0 2 and N 2 0 for a 
given flow of TiCk vapor, the index of refraction of 
the film is easily varied, from 2.0 to 2.4. Residual 
chlorine in the film can result in poor adhesion to 
polycarbonate. An oxygen flow of several times in 
excess of the reactant gas is preferred. 

The visibly transparent a-SiN;H material has an 
index of refraction which vanes mainly as a func- 
tion of deposition temperature, with the higher in- 
dices requiring temperatures of 250° Celsius or 
more. The films may be deposited from mixtures of 



silane, ammonia, and nitrogen. Films formed at 
lower temperatures from conditions suitable for 
high index films (i.e., silane, starved nitrogen, no 
ammonia) produce undesirably high absorption of 
5 blue light. It is possible to form films having indices 
between 1.68 and 1.8 on polycarbonate below 100 
C, with low optical absorption, although the lower 
index films are somewhat brittle. 

The PACVD process was carried out using a 

w deposition system according to the teachings of 
U.S. Patent Nos. 4,841,908 and 4,874,631. Briefly, 
this multi-chamber deposition system employs a 
large volume vacuum chamber within which are 
plurality of deposition chambers for different com- 

15 position layers, each chamber having separate 
seals to minimize back diffusion of any dopant 
gases from adjacent deposition chambers. A con- 
tinuous roll of substrate proceeds from a supply roll 
through each of the deposition chambers and onto 

20 a finished take-up roll. The direction of web travel 
is reversed repeatedly to produce the multiple lay- 
ers of repeating refractive index materials. 

The index of refraction (n A ) of the adhesive 24 
should match that of the upper piece 12 as closely 

25 as possible. When the index of the adhesive is less 
than that of the adjoining piece, the non-zero thick- 
ness of the adhesive leads to some refraction of 
light away from the original beam direction. The 
refractive loss occurs near the prism peaks, and is 

30 proportional to the thickness of the adhesive and 
the index mismatch. Light entering parallel, adja- 
cent prism facets is not refracted from its original 
direction; however, light rays exiting a prism face 
near a peak can be refracted such that they enter a 

35 neighboring perpendicular facet. These rays are 
then refracted out of the original beam direction. 
Adhesives of n A = 1.56 are available. Suitable 
adhesives include the optical cements sold by Nor- 
land Products, Inc., of New Brunswick, New Jersey 

40 under numbers 61 and 81 (n A = 1,56), and an 
ultraviolet curable resin (n A = 1.50) made from an 
epoxy (available from Union Carbide Corp. of Dan- 
bury, Connecticut, under number ERL 4221) mixed 
with 1% (by weight) sulfonium salt initiator 

45 (available from Minnesota Mining and Manufactur- 
ing Company of St. Paul, Minnesota (3M--assignee 
of the present invention) under number 41-4201- 
91185). The initiator is dissolved in methylene chlo- 
ride which must be evaporated off before mixing 

so with the epoxy. UV curable adhesives may cause 
slight absorption, mainly in the blue end of the 
spectrum, in the completed polarizer of about 1- 
2%. Any adhesive or epoxy that has high optical 
index, low optical absorption and low scattering will 

55 suffice. 
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Example 



Alternating thin film layers of matched quarter- 
wave optical thickness were coated on the struc- 
tured side of a 14 mil thick polycarbonate version 
of the preferred substrate material described in 
U.S. Patent No. 4.805,984. In Example 1. coating 
was done by the plasma assisted chemical vapor 
deposition (PACVD) process described above, us- 
ing a 5 inch wide and 8 inch long gas 
"showerhead" type electrode. To form the retro- 
reflective polarizer, an uncoated piece of the TIR 
material was adhered to the optical stack with an 
optical adhesive. 

In Example 1. the polarizer had three optical 
stacks, each having twelve layers, either silicon 
dioxide (SiO:) or titanium dioxide (TiO:). The un- 
usually high number of layers was required be- 
cause the PACVD technique as described above 
did not produce a uniform film thickness near the 
prism peaks as opposed to the bottoms of the 
grooves. The first stack had a quarterwave thick- 
ness centered at 400 nm, the next centered at 550 
nm. the third centered at 700 nm. The polarizer 
performance is shown in Figure 4. Transmissivity 
of the s-polanzation component, T(s), was at or 
near zero throughout nearly all the visible spec- 
trum, while reflectivity of that component, R(s), 
approached the 95% level typical of the most effi- 
cient common reflectors. Transmissivity of the p- 
polarization component, T(p), was very acceptable, 
nearly 80% or more throughout the visible spec- 
trum. 

Applications 



The invention is suitable for applications requir- 
ing polarized light that would benefit from increas- 
ing the intensity of the polarized light available 
from an unpolarized source, and especially those 
requiring polarized light over relatively large areas 
and or in relatively compact (especially thin) ap- 
plications, 

For example, the inventive retroreflecting polar- 
izer can be combined in a very simple manner with 
a quarterwave retardation plate and a reflector to 
recombine the two components of an incident light 
beam into a single polarized component of light. 
Such a theoretical arrangement is shown in Figure 
3. A combined reflector and source of incident light 
118 is illustrated schematically as 130. Incident 
light 118, having mixed polarization, is not affected 
by quarterwave retardation plate 120. but is split 
into components 118-p and 118-s by retroreflecting 
polarizer 100. Component 118-p is transmitted di- 
rectly to display device 110. Component 118-s is 
retroreflected through a quarterwave retardation 
plate 120 and reflected back through quarterwave 



retardation plate 120 again (the recycled compo- 
nent is displaced transversely upward m Figure 3 
for clarity as ray 121),. The two passes through the 
quarterwave retardation plate represent a total rota- 

5 tion of 90°. i.e.. component 118-s now has the 
same polarization direction as component 118-p, 
and is also directed toward display device 110, 
thus nearly all of the intensity of incident unpolariz- 
ed light 118 is available in polarized form at display 

w device 110. 

The great advantage of the invention in this 
system is that because all components may be 
relatively thin and large in area, and lie on essen- 
tially the same optic axis, the profile of the system 

15 can be greatly reduced. Where reduction in profile 
is not as much a concern, or where convenient for 
other reasons, the optic axis can be redirected 
without loss of generality 

With reference now to Figures 5A and 5B. 

20 there is schematically illustrated an overhead pro- 
jector (OHP) 200 which incorporates the retroreflec- 
ting polarizer 10. In the preferred embodiment, 
OHP 200 is a transrmissive-type projector, and has 
many of the features of a conventional overhead 

25 projector, including a base 202 and a projection 
head 204, attached to base 202 by an arm (not 
shown), which may be raised or lowered, i.e., 
moved toward or away from base 202. by conven- 
tional adjustment means. 

30 Base 202 houses a light source 206, a power 

supply (not shown) for light source 206. and appro- 
priate optical components (such as a mirror 208) 
for directing the light towards a stage area 210 
which, in a conventional OHP, comprises a trans- 

35 parent sheet of, e.g.. glass, typically having at least 
one fresnel lens integrally formed therein (for fo- 
cussing the light toward head 204. If a transpar- 
ency having a visual image is placed on stage 210, 
the image is collected and projected (to a nearby 

40 projection screen or surface) by conventional optics 
(such as a mirror 212 and lens 214) located in 
head 204. Similarly, an image which is electron- 
ically generated on an LCD panel may be projec- 
ted by simply laying the panel on stage 210. 

45 OHP 200 is especially useful in the latter ap- 

plication, since conventional LCD panels use ab- 
sorptive polarizers which lead to heat management 
problems. Specifically, the use of absorptive po- 
larizers raises the temperature of the liquid crystal 

so material which changes its voltage response and. 
consequently, adversely affects image reproduc- 
tion. By providing polarizing means under stage 
210, there is no heat buildup directly adjacent the 
liquid crystal material and. furthermore, by provid- 

55 mg a polarizer which is reflective rather than ab- 
sorptive, there is essentially no heat buildup at all. 
This construction of OHP 200 is functional even if 
the LCD panel still uses an absorptive polarizer, 
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since the light hitting that polarizer will already 
have been polarized by passing through retro- 
reflecting polarizer 10 and thus will not lead to heat 
dissipation in the absorptive polarizer. 

A further improvement in the design of OHP 
200 is shown in Figure 5B, which is a magnified 
view of stage area 210. In this embodiment, more 
layers have been laminated to the lower substrate 
of polarizer 10, including a fresnel lens 216 whose 
lower surface 218 has a series of concentric 
grooves which serve to collimate the light from 
source 206. Such collimation is particularly essen- 
tial in projecting color images from an LCD panel, 
since many color panels have a stacked design 
(see U.S. Patent No. 4,917,465) which would result 
in parallax distortion of the image if the light were 
not collimated for passage through all of the liquid 
crystal layers in the stack. See also U.S. Patent No. 
4,756,604. An additional fresnel lens (not shown) 
may be laminated to the upper substrate of polar- 
izer 10 in order to focus the light toward head 204; 
however, if OHP 200 is to be used only with LCD 
panels, then such an additional fresnel lens is un- 
necessary since the upper portion of the LCD pan- 
el typically includes such a lens. 

The design of Figure 5 also illustrates the use 
of a quarter-wave plate 220 for recycling the re- 
flected s-polarization component of the light. In the 
preferred embodiment, quarter-wave plate 220 is 
disposed between fresnel lens 216 and polarizer 10 
with its birefringence axis rotated 45° with respect 
to the grooves in polarizer 10. Quarter-wave plate 
220 has essentially no effect on the unpolarized 
light emanating directly from light source 206; how- 
ever, when the s-polanzation component is reflect- 
ed, it immediately passes through plate 220 which 
changes it to circularly polarized light by phase 
shifting half of the light by 90 • . If this reflected 
light is then redirected back toward stage 210, it 
undergoes another 90 " shift when it passes upwar- 
dly through plate 220. The second 90 s phase shift 
changes the light back from circularly polarized 
light to linearly polarized light, but with its polariza- 
tion vector rotated by a total of 90°. In this man- 
ner, the recycled light has now been converted to 
p-polarization, and may easily pass through polar- 
izer 10. Experimentation has shown that, with the 
simple construction of Figure 5A, a 7% increase in 
light transmission was achieved by inserting the 
quarter-wave plate. The light is recycled by mirror 
208. Those skilled in the art will appreciate that 
even greater increases in light transmission may be 
achieved by devising a more complicated optical 
recycling system. 

As an alternative to using the quarter-wave 
plate, a birefringent plate varying in optical thick- 
ness may be used as a spatial depolarizer. This 
means the recycled light will not be linearly po- 
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lartzed but, through reiterative reflection and de- 
polarization, most of the light may be recycled. 

The present invention may also be directly 
applied to LCD panels. An exemplary panel 222 is 

5 shown in Figure 6. The illustrated panel is a color, 
stacked design having multiple layers 224 of liquid 
crystal material, multiple intermediate polarizers 
226, and an analyzer 228; it is understood, how- 
ever, that the following description applies equally 

w well to a gray-scale LCD panel having only a single 
layer of liquid crystal material with no intermediate 
polarizers. 

Like other conventional LCD panels, panel 222 
also has a collimating fresnel lens 230 at the bot- 

75 torn of the stack, and a focussing fresnel lens 232 
at the top of the stack. Figure 6 depicts the addi- 
tional elements of the retroreflecting polarizer 10 
and the quarter-wave plate 220. With regard to 
these elements, the optical system operates essen- 

20 ti ally identically to that shown in Figure 5A, viz., 
diffuse light passing through panel 222 from the 
bottom of the stack to the top of the stack is first 
filtered by polarizer 10 to pass only p-polarized 
light and reflect the s-polarization component. Use 

25 of the optional quarter-wave plate allows for re- 
cycling of the s-polarized light as previously dis- 
cussed. 

LCD panel 222 may provide gray-scale imag- 
ing, simulated color (yellow blue), or full color, and 

30 may be "passive" or "active matrix" (using an 
array of thin-film transistors), and further may use 
various types of liquid crystals, preferably super- 
twisted nematic crystals. Prior art panels are also 
equipped with their own (conventional) control elec- 

35 tronics which convert the video signals from the 
source (computer) into data which can be trans- 
posed to the pixels in panel 222. Additional compo- 
nents may be used to adjust contrast, intensity, 
color, etc., and allow remote control. Means may 

40 also be provided to keep the panel cool, such as 
cooling systems and or use of cold filters as dis- 
closed in U.S. Patent No. 4,763,993. An exemplary 
LCD panel is sold by 3M's Visual Systems Division 
under model number 4180. 

45 For these applications, assuming a polycar- 

bonate substrate of index n Q = 1.586, the ideal thin 
film indices of polarizer 10 are n H = 2.0 and n L = 
1.35. With this pair of indices, the minimum com- 
posite optical stack for a photopic (i.e., covering the 

so entire visible spectrum) retroreflecting polarizer is 
two sets of about eight layers each, i.e., (HL) d +- 
(H'L')V One set has a bandwidth centered on 425 
nm and the other has a bandwidth centered on 650 
nm. In practice, one must use compatible thin film 

55 materials, such as silica (SiO?) and titania (TiOj). 
These have indices of 1.46 and 2.2, respectively, 
which cause some of the p-polarized light to be 
reflected as well as the s-polanzed light since 

7 
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these indices are slightly higher than those pre- 
scribed by the MacNeille equation. If one uses the 
cryolite zinc sulfide film pair (n = 1 .34 2.2), then the 
entire visible spectrum can be covered with one 
stack of ten layers. These materials are easy to 
evaporate (ZnS sublimes) but are slightly hyg- 
roscopic, and may not have the desired stability if 
subjected to very humid environments. 

Polarizer 10 may be further modified for use 
with color LCD panels such as that depicted in 
Figure 6. As noted in U S Patent No. 4.917.465, 
the first, or bottommost (i.e.. closest to the light 
source) polarizer may be "dyed" or otherwise 
treated to imparl a color tone to the light passing 
therethrough. It has been found that polarizer 10 
may likewise be tuned to a particular color by 
selecting appropriate thin film materials. For exam- 
ple, Figure 7 shows a graph of the transmission of 
s- and p-polarized light through a magenta polar- 
izer. This graph is based on computer modelling of 
a polarizer constructed in accordance with the 
present invention, utilizing 24 layers of thin film 
with alternating indices of refraction of 1.46 and 
1.70. Thus, polarizer 10 may be used to replace 
the dichroic polarizers used in prior art color pan- 
els. 

Although the invention has been described with 
reference to specific embodiments, this description 
is not meant to be construed in a limiting sense. 
Various modifications of the disclosed embodiment, 
as well as alternative embodiments of the invention, 
will become apparent to persons skilled in the art 
upon reference to the description of the invention. 
For example, polarizer 10 could be made even 
more selective by backing it up with an absorbing 
polarizer tuned to absorb any undestred leakage of 
s-polanzed Sight, either across the entire spectrum 
or at a specified bandwidth. It is therefore con- 
templated that such modifications can be made 
without departing from the spirit or scope of the 
present invention as defined in the appended 
claims. 

Claims 

1. An overhead projector having a base and a 
head attached to said base, said base having a 
light source proximate a stage area, and said 
head having means for projecting an image 
placed on said stage area, the improvement 
comprising: 

polarizing means located at said stage 
area for passing a p-polanzation component of 
light from said light source and reflecting an s- 
potanzation component of light from said light 
source. 



2. The overhead projector of claim 1 wherein said 
polarizing means further includes means for 
retroreflecting said s-polanzation component of 
said light. 

5 

3. The overhead projector according to claim 1 or 
2 wherein said polarizing means comprises: 

a first substrate having a structured sur- 
face, said structured surface having a linear 
w array of isosceles prisms arranged side by 

side; 

a second substrate substantially identical 
to said first material; and 

said structured surface of at least one of 
75 said substrates having at least one optical 

stack of alternating layers of high and low 
refractive index materials of selected optical 
thicknesses, said first and second substrates 
optically cemented together to form a single 
20 unit. 

4. The overhead projector according to any one 
of claims 1 to 3 further comprising a quarter- 
wave plate interposed between said polarizing 

25 means and said light source. 

5. The overhead projector according to any one 
of claims 2 to 4 further comprising means for 
converting said retroreflected s-polarization 

30 component of said light into p-polanzed light. 

6. A liquid crystal display panel having at least 
one layer of liquid crystal material and an 
analyzer adjacent said layer, the improvement 

35 comprising: 

polarizing means adjacent said liquid cry- 
stal layer, opposite said analyzer, for passing a 
p-polarization component of light from a light 
source and reflecting an s-polanzation compo- 

40 nent of light from the light source. 

7. The liquid crystal display panel of claim 6 
wherein said polarizing means further includes 
means for retroreflecting said s-poiarization 

45 component of said light. 

8. The liquid crystal display panel according to 
claim 6 or 7 wherein said polarizing means 
comprises: 

50 a first substrate having a structured sur- 

face, said structured surface having a linear 
array of isosceles prisms arranged side by 
side; 

a second substrate substantially identical 
55 to said first material: and 

said structured surface of at least one of 
said substrates having at least one optical 
stack of alternating layers of high and low 
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refractive index materials of selected optical 
thicknesses, said first and second substrates 
optically cemented together to form a single 
unit. 

9. The liquid crystal display panel according to 
any one of claims 6 to 8 further comprising a 
quarter-wave plate adjacent said polarizing 
means, opposite said liquid crystal layer. 
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10. The liquid crystal display panel according to 
any one of claims 7 to 9 further comprising 
means for converting said retroreflected, s- 
polarization component of said light into p- 
polanzed light. 75 

11. A presentation system comprising: 

an overhead projector having a base and a 
head attached to said base, said base having a 
light source proximate a stage area, and said 20 
head having means for projecting an image 
placed on said stage area; 

a liquid crystal display panel having at 
least one layer of liquid crystal material and an 
analyzer adjacent said layer, said panel being 25 
generally disposed at said stage area of said 
overhead projector; and 

polarizing means located between said liq- 
uid crystal layer and said light source for pass- 
ing a p-polarization component of light from 30 
said light source and retroreflecting an s-po- 
lanzation component of light from said light 
source. 
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